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Abstract  
To alleviate the high rate of fruit spoilage in countries that produce an excess amount of 
fruit, NTB - Interstate University of Applied Sciences of Technology (NTB) in Buchs, 
Switzerland, developed a heat pump fruit dryer. We partnered with NTB to assess the feasibility 
of expanding the dryer into communities within Ecuador. Through interviews and research, our 
team acquired various perspectives on the dryer, gained insight into considerations for 
implementation, and developed a pathway to viability for communities that may be interested in 
the device. We identified companies in Ecuador for potential funding and partnerships, assessed 
the country’s energy infrastructure, and recommended further actions to be taken. 
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Executive Summary 
 
The Problem 
 Fruit spoilage is a recurring problem in countries that produce large quantities of fruit. 
One way to alleviate this waste is to preserve the fruit by drying it. NTB - Interstate University 
of Applied Sciences of Technology (NTB) in Buchs, Switzerland developed a heat pump fruit 
dryer to aid in this relief. Our sponsor, Stefan Bertsch, the head of the Institute for Energy 
Systems at NTB, is looking to introduce the dryer to more communities. 
 
Our Goal 
The goal of our project was to aid NTB in exploring the feasibility of implementing their 
heat pump fruit dryer into communities within Ecuador. 
 
Background 
 NTB is a highly regarded college for technology focused on research and collaboration. 
The university is known for contributing to the economic, technological, and social development 
of Eastern Switzerland (“NTB Buchs,” 2017). NTB was introduced to the idea of the fruit dryer 
in 2008 by Akos Lukacs, a mechanical engineer eager to gain interest in his dryer after seeing the 
results of its implementation in Burkina Faso. In 2010, NTB, Lukacs, and Ökozentrum - a 
workspace for side projects - partnered to expand the dryer. They aimed to aid agricultural 
economies in generating income while using an energy efficient system that works year-round, 
facilitate food preservation in developing countries, boost economies by propelling the sales of 
dried fruit, and prevent spoilage. Two distributions were carried out in Burkina Faso and Costa 
Rica in 2010 and 2015, respectively, and were successful due to the dryer’s weather 
independency and high-quality product.  
 
Our Approach 
 To achieve our goal, we developed three objectives based on our background research 
and sponsor’s desires, as well as corresponding methods to meet them.  
Our first objective was to understand the use and functionality of the dryer from a range 
of perspectives. We developed interviews targeted to collect information from those who have 
worked with the dryer itself or the implementation process. 
 Our second objective was to identify site-specific factors that affect the practicality of the 
fruit dryer. To that end, we developed an analytical tool that categorized and posed questions on 
topics such as cost, infrastructure, technology transfer, and more. We used this tool to guide 
further research concerning viable communities within Ecuador. 
 Our third and final objective was to determine a pathway to viability for the 
implementation of the dryer in communities within Ecuador. Through interviews and subsequent 
research, we sought to understand the importance of finances, law, and labor roles in a potential 
business. 
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 Although working remotely posed challenges in data collection, it guided us in the 
formulation of our project’s methods, findings, and recommendations. 
 
Findings 
 Our interviews and research led us to discover five findings. Our first finding recognized 
that Ecuador’s energy grid was successfully upgraded in 2011 to a reliable, state of the art 
system through General Electric (GE) and Electrica de Guayaquil (EDG). Reliable energy is 
essential for the operation of the dryer. If there are power outages more than 30% of the time, the 
fruit will not dry properly, and will spoil (Stefan Bertsch, personal communication 2017). 
 Our second finding was that the Ecuadorian government’s current engagement in 
subsidizing fuel creates a negative incentive to switch from gas dryers to heat pump dryers. 
This subsidization has remained fairly constant since 2013, and allows for consumers to only pay 
about 8% of the international market rate of fuel (Ecuador, 2017). Because of the 
inexpensiveness of fuel, making the switch from gas dryers to electrically run dryers is less 
desirable. For this reason, citizens from Salinerito, a Christian corporation that promotes 
agricultural industries for integral development, decided against adopting the dryer. However, 
the implementation of this dryer in Ecuador still has potential because the Ecuadorian 
government has been trying to reduce or eliminate citizens’ financial dependency on government 
fuel subsidies (Akos Lukacs, personal communication 2017). 
After looking into potential partnerships, we found that there are fruit drying 
companies that already exist in Ecuador that may be interested in the heat pump fruit 
dryer due to their size. We identified major fruit drying companies in Ecuador, the most 
relevant being Inca’s Treasure and Biolcom. Inca’s Treasure is a vertically integrated company 
focusing on economic, environmental, and social impact through sustainability. Through 
interviews with representatives from Inca’s Treasure, they have stated that they foster 
entrepreneurship and that they would consider partnering with local residents who dried fruit 
with the heat pump dryer (Inca’s Treasure, personal communication, September 2017). Biolcom 
is a Swiss-owned and managed Ecuadorian fruit drying company established in 2003. Due to the 
origins and project center for this dryer in Switzerland, Biolcom could prove to be a valuable 
partner for NTB in looking for connections in Ecuador. 
Through further research on potential partners, we found that there are nonprofits 
operating in Ecuador that could be instrumental to funding or assisting in an 
implementation. First, the Mango Ecuador Foundation is a large nonprofit whose mission is to 
help the producers and exporters of mangoes be sustainable with their resources. Another 
resource is the Simón Bolívar Volunteer Program and Fundacion Bolívar Education. They are a 
nonprofit, nonpolitical foundation that specializes in adopting projects and finding volunteers for 
them, especially with making connections and partnerships with organizations in Ecuador and 
worldwide. The Yanapuma Foundation is a small, non-governmental foundation in Ecuador and 
the United Kingdom. Due to their interest, size, and familiarity with working internationally, 
they could be interested in a project like the heat pump fruit dryer. EkoRural is an NGO in 
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Ecuador that strives to help locals learn to help themselves.The ideals and approaches of 
EkoRural align the with NTB’s idea of how the fruit dryer should be implemented into 
communities. Both believe in a sustainable and local model for improvement (EkoRural, 2017).  
Researching the country’s history and stance on environmental policy led to us finding 
that heat pump drying technology is appropriate in environmentally conscious Ecuador. In 
2008, Ecuador adopted rights for nature in their revision of the constitution as well as a 
commitment to cutting down on harmful emissions. The heat pump fruit dryer emits less carbon 
dioxide emissions and therefore is a reasonable technology for Ecuador. 
It is important to acknowledge the limitations of our project. Due to our location in 
Switzerland, it was hard to make meaningful contact with potential users and gauge their interest 
in the dryer. Our number one priority was ensuring we did no harm to the communities of 
potential implementation. Despite the challenges we faced, we were able to acquire these 
findings that gave us meaningful insight into the potential implementation in Ecuador. 
 
Recommendations 
 Based on our findings regarding Ecuador’s energy grid, government subsidization of fuel, 
existing companies and NGOs, and the country’s stance on environmental policy, we formulated 
four recommendations for communities interested in the dryer, NTB, and WPI.  
 Our team recommends that communities interested in the dryer use a Kickstarter 
campaign to raise money for the dryer’s implementation, should they need funding 
assistance. A Kickstarter campaign encourages people from around the world to pledge a certain 
amount of money towards a specific goal. The campaign will only receive funding if it meets its 
minimum posted goal, and most successfully funded campaigns raise less than $10,000. The total 
theoretical cost of the dryer, including the heat pump and shipping, comes to $9,568. Kickstarter 
campaigns also encourage rewards for those who pledge certain amounts of money. 
Recommended tier rewards include traditional crafts from the community and dried fruit from 
the dryers after implementation. 
 We next recommend that NTB design a heat pump powered by either biogas or 
photovoltaic cells. The heat pump fruit dryer runs on electricity and cannot compete with the 
subsidized gas that the Ecuadorian government provides. Furthermore, Ecuador is continuing to 
follow environmentally friendly initiatives for which incentives for conservation are typically 
given.  
 As an additional suggestion for the community, we recommend that communities 
interested in the dryer apply as a project site for Engineers without Borders (EWB). EWB 
offers communities opportunities to request their services as a volunteer organization that strives 
to bring its members’ technical knowledge to communities that do not have it (Engineers 
Without Borders, 2017). EWB would help with funding and ensure a pathway to viability 
through assessment, implementation, and monitoring.   
 Finally, we recommend that WPI create a future IQP team in Ecuador to work under 
the sponsorship of an NGO to assist in the assessment of the feasibility of an 
viii 
 
implementation onsite. If this project were to be continued at the WPI project center in Cuenca, 
Ecuador, communities would be able to be assessed more effectively. Additional methods for 
assessing feasibility onsite include surveys, in-person interviews, and ethnographic profiles. 
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Chapter 1: Introduction 
        Fruit spoilage is a common challenge in communities whose markets are agriculturally 
based. Worldwide, 45% of all fruits and vegetables are wasted (Food and Agriculture 
Organization of the United Nations, 2012). Drying fruit provides a means to reduce spoilage and 
better these communities’ markets. To alleviate the high rate of fruit spoilage in countries that 
produce an excess amount of fruit, NTB-Interstate University of Applied Sciences of 
Technology (NTB) located in Buchs, Switzerland, developed a heat pump fruit dryer. NTB’s 
goal is to provide a weather-independent method for drying fruits without causing any harm to 
the environment into which the dryer is introduced. In comparison to other methods of drying 
fruit, this device operates at a controlled temperature and is environmentally friendly. This 
results in a higher quality product and lower carbon dioxide emissions.  
In 2015, a team of Worcester Polytechnic Institute students partnered with NTB with 
aims of broadening the usability of the fruit dryer by developing a user manual for independent 
assemblies of the device. This manual was distributed to a community in Burkina Faso, and 
prototypes of the dryer were tested there. Our sponsor would like assistance in assessing the 
device’s suitability elsewhere. Our team's purpose was to aid NTB in determining if Ecuador 
would be a practical site for the introduction of the dryer. The goal of our project was to evaluate 
the feasibility of expanding this technology into new communities within Ecuador. With this 
goal in mind, we created three objectives: 
 
1. To understand the use and functionality of the dryer from a range of perspectives. 
2. To identify site-specific factors that affect the practicality of the fruit dryer. 
3. To determine a pathway to viability for the implementation of the dryer in communities 
within Ecuador. 
 
 Working remotely from Switzerland posed challenges for our team when engaging with 
stakeholders who were not onsite. We initiated contact with many people and organizations 
relevant to our project in our seven-week time frame, but responses were limited. Through 
interviews and research, our team acquired perspectives on the dryer, gained insight into 
considerations for implementation, and developed a pathway to viability for communities that 
may be interested in the device. We identified companies in Ecuador for potential funding and 
partnerships, assessed the country’s energy infrastructure, and recommended further actions for 
our sponsor to take in the future. 
 In the next chapter, we provide an in-depth background of our sponsor, the dryer’s 
history, and the motivations behind the project. In chapter three, we discuss the methods we have 
taken to achieve the three main objectives in order to satisfy our goal. Chapters four and five 
discuss our major findings, as well as recommendations we have prepared for NTB, WPI, and 
communities interested in the dryer. Finally, in the appendix, we have presented our interviews, 
contacts, an application of our analytical tool, charts, and figures that may be referenced for 
further information and understanding of the project. 
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Chapter 2: Background 
 In this chapter, we first introduce our sponsor and stakeholders involved with the dryer in 
order to determine their needs and interests, as well as how they became involved with it. Next, 
we explore current methods of fruit drying and their respective advantages and disadvantages. 
The operation of the heat pump fruit dryer is then discussed to offer both an understanding of 
how it works and a comparative view against the other drying methods. Additionally, the 
previous implementations and prototype distributions of the dryer are reviewed to gain a surface 
level understanding of the initial risks and problems before exploring further expansion into 
Ecuador, which is next discussed. General social factors that must be considered before 
implementation, as well as evaluations of relevant case studies, conclude the chapter.  
  
2.1 Stakeholder vision and motivation 
NTB-Interstate University of Applied Sciences and Technology (NTB) is a highly 
regarded institution located in Buchs, Switzerland, in the St. Gallen canton. The university was 
founded in 1970 as a college of technology funded by the Swiss government. It offers 
educational, hands-on services focused on improvements in research, and is part of a 
collaborative that contributes to economic, technological, and social development of Eastern 
Switzerland. The university is mainly known for integrating interdisciplinary approaches through 
emphasis on themes such as theory and practice, teaching and research, society and students, and 
business and science (“NTB Buchs,” 2017). 
         NTB was introduced to the idea of the fruit dryer in 2008 by Akos Lukacs. A mechanical 
engineer, Lukacs was eager to gain interest in his dryer due to his experience in Burkina Faso. 
He claimed a better technology to dry mangoes is necessary because gas dryers result in burnt, 
low quality mangoes that do not allow farmers to make a profit from their product (Lukacs, 
personal communication, September 2017). NTB and Ökozentrum, a workspace for side 
projects, collaborated with Lukacs in 2010 because of their educational background related to 
heat pump drying systems and connections they have established. The mission of those working 
on expanding the dryer is to aid agricultural economies in generating income while using a 
system that works year-round and is energy efficient. Furthermore, they aim to facilitate the 
preservation of food in developing countries, boost their economies by propelling the sales of 
dried fruit, and prevent spoilage (Bertsch, personal communication, August 2017). The dryer 
uses 60-80% less energy than other methods, decreases the amount of carbon dioxide released 
into the environment, and uses a lower temperature to properly dry the fruits than conventional 
dehydrators (Teeboonma, Tiansuwan, & Soponronnarit, 2003). The system was created as an 
alternative way of drying fruits in response to fluctuating gas prices, and the inability of users to 
depend entirely on the weather as they do with solar drying. 
 
2.2 Current methods of fruit drying 
         Popular methods of fruit drying, including solar drying, conventional ovens as 
dehydrators, and gas dryers, share the same basic functionality. To preserve fruit, water must be 
removed to prevent bacterial growth because it is the main factor that leads to food spoilage. 
Fruit drying can be an alternative to canning and freezing by slowing down the enzymatic 
activity that causes the food to ripen faster (Harrison, 1914). Freezing preserves the product by 
lowering the temperature below the freezing point of water, which freezes the water and makes it 
difficult for mold or yeast to grow. On the other hand, fruit drying strips the produce of some of 
its moisture and allows for a lighter and smaller product with a longer shelf life. 
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While these methods of fruit drying share the same purpose, each comes with their own 
advantages and disadvantages. Drying foods with the sun consists of laying fruit on reflective 
foil, and requires hot and dry days to work most efficiently. An unpredictable climate or rainy 
seasons cause problems for solar drying. An alternative method to drying food with the use of 
the sun as a heat source is using a dehydrator or conventional oven. Unlike solar drying, food 
dehydrators have electric elements meant for heating, as well as fans and vents to assist with air 
circulation. Usage of food dehydrators depends on a source of electricity. Oven drying is similar 
to a food dehydrator, but does not contain the built-in fan component; conventional ovens are a 
slower way of drying fruits and use more energy (Harrison, 1914). Gas dryers also function in a 
similar way to dehydrators, but the ventilators use a gas fuel source to increase the temperature 
in the oven. However, gas dryers do not operate under a constant temperature, and emit carbon 
dioxide as a by-product. If the dryer malfunctions, carbon monoxide may also be emitted. The 
common theme among solar drying, dehydrators, conventional ovens, and gas dryers is a 
dependency on a heat source, whether it be solar, electrical, or gas fuels. 
 
2.3 Heat pump device design 
The design of the NTB fruit dryer is primarily based on a closed air circulation system 
that dries the fruit, and is entirely independent of the surrounding environment or climate. As one 
researched noted, “The heat pump presents an efficient and environmentally friendly technology 
due to its low energy consumption” (Fatouh et al., 2006, p. 1). When fruit is exposed to high 
temperatures in the dryer, it releases moisture through evaporation. The moisture rises, and when 
it comes in contact with the colder ceiling of the dryer, it partially condenses. In this design, the 
moisture is drawn into the back component of the dryer through a ventilator, and then passes 
through the evaporator, where the moisture is converted into a vapor during the first heat 
exchange. The evaporator contains a refrigerant, R134-a, which according to the Occupational 
Safety Health Administration, is not considered safe because it may explode when heated above 
100.6°C. It is known to cause burns similar to frostbite, but R134-a has been used over other 
refrigerants because when used correctly, it is non-toxic, non-corrosive, and does not deplete the 
ozone layer as opposed to other chlorofluorocarbon and hydrochlorofluorocarbon refrigerants 
(Halocarbon, 2016). R134-a steals the vapors’ heat, causing the vapor to fully condense, and 
form deionized water as a by-product. 
The refrigerant-vapor does not contain enough heat to dry the fruit, so it is passed through 
a compressor, where the temperature and pressure of the refrigerant-vapor increases, causing it to 
pass through the condenser. In the condenser, this refrigerant warms the air in a second heat 
exchange. A ventilator with adjustable speeds blows the hot air back into the fruit compartment, 
while the refrigerant condenses and returns to the evaporator again. The cycle then starts over 
and repeats itself. This process is illustrated below in figure 1. 
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  Figure 1: NTB’s fruit dryer mechanics (Bertsch et al, 2015). 
 
2.4 Prototype distribution 
In 2010, the first of these heat pump fruit dryers was installed in Burkina Faso, followed 
by an experiment in Costa Rica. Burkina Faso is a landlocked, sub-Saharan country of Africa. Its 
climate is tropical, with humid summers and torrid winters. Frequent droughts, poor soil, and 
desertification complicate the agricultural practices of this highly populated country of 19.5 
million people (Central Intelligence Agency, 2016-2017). Food preservation is necessary 
because of the high rate of food spoilage, which is expected from agriculture in developing 
countries. A common preservation method is fruit drying, which made Burkina Faso a primary 
target location for the introduction of the initial heat pump fruit dryer (Brown, Lipsky, Vertoni, 
& Ziegler, 2015). Further, a study conducted in 1989 and 1990 on acceptance of new agricultural 
technology in Burkina Faso indicated that factors related to food quality were highly considered 
by farmers, and influenced their rate of technology acceptance (Adesina & Baidu-Forson, 1995). 
The fruit dryer idea was largely met well by farmers and others from the community in 
2010. Farmers in Burkina Faso were hesitant to accept foreign technology that may not meet 
their sanitation standards. However, after testing out the dryer and seeing the high quality dried 
fruit it produced, they widely accepted it (Brown, Lipsky, Vertoni, & Ziegler, 2015). This 
success led a team to create a manual to facilitate future users in assembling the system. A 
technician from NTB, Gerhard Purkathofer, taught technicians in Burkina Faso how to construct 
the systems. As a result, several were built onsite, and components for two more systems were at 
their disposal. 
         Distribution in Costa Rica in 2015 was more modest despite the potential relevance of the 
device. With a tropical and subtropical climate, 37.1% of the land is used for agricultural 
purposes, slightly less than that of Burkina Faso (Central Intelligence Agency, 2016-2017). The 
heat pump of the fruit dryer is weather independent, and because of the alternating extreme dry 
and wet seasons of Costa Rica, this device seemed like a good fit. The technology was tested on 
various fruits, but most of the effort was concentrated on drying high-quality, South American 
cocoa. As of the last update on this implementation in Costa Rica, the dryer was being 
experimented with by a Swiss farmer, Bruno (no last name given) (Brown, Lipsky, Vertoni, & 
Ziegler, 2015).  
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Christoph Günner, founder of the German produce company Organic Island Natural 
Foods, was working towards establishing the heat pump fruit dryer in Indonesia before 
approaching NTB and Ökozentrum as potential partners. The implementation of these dryers 
could increase revenue for the Indonesian farmers through selling quality dried fruits. The hope 
was that this might allow them to stay in their trade, rather than moving away and out of their 
agricultural way of life (Brown, Lipsky, Vertoni, & Ziegler, 2015). The implementation in 
Indonesia took place in 2016, and is reportedly using the same technology as in Burkina Faso, 
just with some different applications (Bertsch, personal communication, March 2017). No 
documentation has been kept for this implementation. 
  
 2.5 Distribution expansion 
         The country under consideration in this feasibility study was Ecuador because of its 
climate and abundance of tropical fruits. The coasts and jungles of this South American country 
have an exceedingly tropical climate similar to that of Costa Rica, as well as prolific access to 
fresh fruit, lending itself already to implementation of a fruit dryer. Ecuador also faces similar 
weather stressors to areas of previous implementation. Like Burkina Faso, it faces poor soil and 
desertification, as well as severe droughts (Central Intelligence Agency, 2016-2017). Further 
background information on Ecuador can be found in our appendices. 
         Lukacs, who collaborated with Bertsch and NTB on creating the heat pump fruit dryer, 
intended to implement the system in Ecuador in 2016 to steer the country away from its use of 
gas dryers. The creation of the user manual would have aided those in Ecuador to build the 
chamber beforehand, leaving Lukacs with only having to install the heat pump system (Brown, 
Lipsky, Vertoni, & Ziegler, 2015). Thanks to the government’s subsidization of fuel and low gas 
prices, the implementation was not successful because the incentive to switch from gas to 
electric drying was not there (Lukacs, personal communication, September 2017). 
 
2.6 Social factors 
Cultural practices, the agricultural market, and Ecuadorian farmers’ acceptance of 
technology are factors that must be considered to understand the context of the device’s 
implementation. When a specific culture accepts a political, economic, or social structure, it 
shapes everyday life (Slack, 2015). As a team from the United States working in Switzerland and 
examining different regions, we will have certain perspectives that may be either innovative to 
certain locations or detrimental. For example, suggestions for underground refrigeration units are 
not feasible in Burkina Faso due to their belief that the ground is sacred and is only meant for 
burying the dead (Brown, Lipsky, Vertoni, & Ziegler, 2015). In addition, laws and governmental 
influence must be considered in each location. 
         It is important to evaluate both the market in these locations for the dryer and the dried 
fruit produced from the device. Is the implementation of the device going to cause stratification 
of classes? Could there be a system, such as in India, that prevents trade between certain groups 
(Cox, 2015)? Is it going to take away jobs, or shut down the existing production? For example, 
despite the company’s altruistic intent, TOMS Shoes ended up disrupting existing shoe 
companies in locations it was trying to help with their “buy one give one” business practice 
(Martin, 2016). One must evaluate if the introduction of the device will be beneficial to the 
economic status of the locations selected as a whole. 
         Some view technology transfer as a way to “bridge the gap between developed and 
developing countries” (Klintenberg, 2014, p.808). The most successful outcomes of technology 
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transfer increase the target locations’ internal abilities to increase development on their own 
(Klintenberg, 2014). Sankat, Pun, and Motilal elucidate the mechanics of technology transfer and 
social factors best, explaining that, “[t]echnology transfer is not simply copying the technologies 
passively from the advanced nations, but is an active and creative process of adaptation rather 
than of adoption that recognizes the indigenous capabilities needed to suit local conditions” 
(Sankat, Pun, & Motilal, 2007, p. 642). The people themselves have to accept the technology, as 
previously mentioned. 
         Each target location’s social factors must be examined to ensure a beneficial technology 
transfer that meshes well with existing cultural, economic, and political pillars. With the user 
acceptance, the device can be successfully implemented. If this is not the case from the start, 
modifications in the design and applications of the heat pump dryer can be made to better serve 
the target location. 
  
2.7 Lessons learned  
While there is ample literature about the optimization and technical aspects of designing 
a working heat pump fruit dryer, only a few discuss the acceptance and implementation of a 
dryer into new locations. 
 
Case 1. Government incentives in Sub-Saharan Africa 
         Heat Pump Drying of Fruits and Vegetables: Principles and Potential for Sub-Saharan 
Africa is a multidisciplinary publication of the Faculty of Engineering Hunedoara that gives a 
comprehensive view of the technical considerations of a heat pump fruit dryer, as well as its 
potential implementation into sub-Saharan Africa. The study reveals that the color and quality of 
the dried fruit has a large part in its acceptance into markets. After discussing the benefits of 
dried fruit for preservation and consumer use, the paper describes conditions for optimal use of 
the heat pump dryer system. Despite a moderate capital investment, the running cost is the 
lowest out of the available fruit preservation technologies. The study recommends that 
government-offered incentives, supportive government policy, and advertisement will enhance 
the use of heat pump drying in developing countries. These recommendations have not been 
tested as valid methods to promote use of the dryer. The paper concludes that smaller heat pump 
systems with intermittent operation, multiple settings, and optional additional chambers would 
drastically reduce the capital investment and running cost, which allows more locations to adopt 
this type of technology. This paper shows that the implementation of the device involves a 
complex set of societal factors specific to each region (Fayose & Huan, 2016). 
 
  
Case 2. Appropriate Technology in the Mandi District of India 
         Developing a Collaborative Process for the Application of Appropriate Technology on 
Farms in Mandi District is an Interactive Qualifying Project completed by Worcester 
Polytechnic Institute students in collaboration with the Indian Institute of Technology Mandi in 
2015. In this study, the agricultural practices of the Mandi region were documented, as well as 
farmers’ perceptions of new technology. A process was created that would allow students to 
design devices to fit the needs of local farmers. The students developed an appropriate 
technology rubric to assess the needs of the Mandi farmers. It has six main categories of 
appropriate technology to consider: Existing needs, affordability limits, environmental concerns, 
technical literacy, cultural sensitivity, and terraced mountainside usability. Each category 
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contains subcategories that the appropriate technology must fulfill. Using this rubric, the students 
developed some appropriate prototypes in collaboration with Mandi farmers. This paper shows 
that only appropriate technology should be implemented into communities with consideration 
and collaboration of the users (Ghoslya, Konieczny, Kumar, Neeno, & Slater, 2015). 
From the case studies, we can enrich our approach concerning the feasibility of the heat pump 
fruit dryer developed by NTB in Ecuador. 
  
2.8 Summary 
         In summary, several points informed our study. We kept in mind the motivations and 
ideals of the stakeholders involved. Our stakeholders want to provide others with an alternative 
method of drying fruit, and a pathway to viability with the dryer. Ecuador presents a unique 
opportunity to integrate technology into its communities. 
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Chapter 3: Methodology 
         The goal of this project was to aid NTB-Interstate University of Applied Sciences of 
Technology (NTB) in evaluating the feasibility of expanding its heat pump fruit dryer into new 
communities. To reach this goal, we undertook the following objectives: 
 
1. To understand the use and functionality of the dryer from a range of perspectives. 
2. To identify site-specific factors that affect the practicality of the fruit dryer. 
3. To determine a pathway to viability for the implementation of the dryer in communities 
within Ecuador. 
 
Although working remotely presented challenges in data collection, it guided us in the 
formulation of our project’s methods, which are outlined below.  
 
Objective 1: Understand the use and functionality of the dryer 
 To understand the use and functionality of the dryer, we sought to learn how others 
perceived it. We developed interviews targeted to collect information from those who have 
worked with the dryer itself or the implementation process. These interview questions and 
responses can be found in Appendix A. 
The following describes the information we obtained from the four key interviews we 
conducted. Stefan Bertsch, our sponsor, and the employees from the Institute of Energy Systems 
at NTB, provided us with an overview on the technical performance of the dryer, and their 
involvement with the project. Akos Lukacs, who developed the idea for the dryer, provided us 
with information about his years onsite, as well as his successes and failures working with 
different cultures. Vera Shulhof, a former employee of Ökozentrum, shared her experience of a 
previous dryer implementation process in Burkina Faso. Kone Karim was our direct contact to 
the prototype dryer in Burkina Faso. He informed us about the acceptance the dryer has had in 
the communities in Burkina Faso and provided insight into the successes and failures associated 
with the promotional phase of distributing dryers. 
A narrow list of responsive contacts and a lack of documentation from previous 
implementations of the dryer underscore the importance of in-depth personal accounts from the 
interviewees. 
 
Objective 2: Identify site-specific factors 
To determine the suitability of the fruit dryer, we sought to understand if the community 
was compatible with it. We developed an analytical tool in the form of a checklist that addressed 
topics such as cost, infrastructure, technology transfer, and more. We used this tool to guide 
further research concerning viable communities within Ecuador. It can be found in Appendix B. 
  
Objective 3: Pathway to viable implementation  
         To determine a pathway to viability for the implementation of the dryer in communities 
within Ecuador, we sought to understand the importance of finances, law, and organization of 
roles in a potential business. All information for the pathway to viability was acquired from 
interviews and subsequent research. The financial aspect consists of both initial investment and 
running cost. Initial investment includes startup costs, funding options, and acquisition of 
materials and labor. Running costs refers to workers’ compensation, maintenance cost, and gross 
product cost. In addition, creating the company itself incurs costs of its own. The process of 
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creating a business in Ecuador was examined to better understand how common laws and 
practices would affect the implementation of a fruit dryer. Understanding the positions necessary 
for the operation of the dryer helped us set realistic expectations for the long-term operation of 
the dryer. 
 Another component of understanding viability is being able to envision how the device 
impacts the community: socially, politically and economically. To do this, we synthesized the 
intricacies of the previous objectives’ findings. We made inferences based on the collected 
information about the feasibility of the device in particular communities. A limitation of this 
method was the uncertainty of relevant information collected from the previous methods. There 
was no certain way to envision all impacts of the implementation of the device; the closest we 
could come to achieving this goal was to make an informed assessment based on our research 
and interviews with different user perspectives. We were not assessing the implementation of the 
dryer as a definitive solution to all fruit preservation systems. Our aim was not to replace 
systems that already work, but rather present an alternative for those it may suit, if it suits anyone 
at all. 
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Chapter 4: Findings 
Our team primarily used research and interviews to find places of interest within Ecuador 
for implementation of the heat pump fruit dryer, as well as to understand the considerations for 
how to do so effectively. We were able to identify the stability of Ecuador’s energy grid and 
locate potential partners, as well as assess why implementation may be difficult in the country. 
We found that: 
1. Ecuador’s energy grid was successfully upgraded in 2011 to a reliable, state of the 
art system through General Electric (GE) and Electrica de Guayaquil (EDG).  
2. The Ecuadorian government’s current engagement in subsidizing fuel creates a 
negative incentive to switch from gas dryers to heat pump dryers. 
3. There are fruit drying companies that already exist in Ecuador that may be 
interested in the heat pump fruit dryer due to their size. 
4. There are nonprofits operating in Ecuador that could be instrumental to funding or 
assisting in an implementation. 
5. Heat pump drying technology is appropriate in environmentally conscious 
Ecuador. 
 
4.1 Reliable Energy  
Finding 1: Ecuador’s energy grid was successfully upgraded in 2011 to a reliable, state of 
the art system through General Electric (GE) and Electrica de Guayaquil (EDG).  
While studying the feasibility of introducing the heat pump fruit dryer into Ecuador, we 
looked heavily into the current access to energy and electrical grid conditions in the country. As 
of 2011, Ecuador’s energy grid has been successfully upgraded to a reliable, state of the art 
system through GE and EDG. GE helped EDG modernize Ecuador’s energy grid by introducing 
a smart meter infrastructure, which allows for remote customer connection and disconnection, 
data collection of usage information, and support demand-response controls (Power Engineering 
International, 2011). Based on the data collected by smart meter infrastructure, electric 
companies can assess and minimize issues with Ecuador’s energy needs.  
Ecuador has been undergoing innovation to provide its population with sustainable 
energy that causes minimal harm to the ecosystem for many years. The number of power outages 
has decreased from two per month to one. A 2010 World Bank collection of development 
indicators claims that the average number of power outages per month in Ecuador is one, and 
that these outages last about 1.7 hours (World Bank Group, 2010-2017). Likewise, according to a 
2014 World Bank Survey collection of development indicators, 99% of Ecuador has access to 
electricity, as opposed to data collected in 1990 in which only 88% of the population did (The 
World Bank, 2014). The Amazonas region is the part of Ecuador with the most limited access to 
electricity because of its jungle-like environment. Since 2014, the Amazonas region has had a 
large growth in the energy market due to an increase in the number of operable hydroelectric 
plants (Falach, 2016). 
Ecuador has depended largely on both thermoelectric and hydroelectric plants for 
generating energy since 1996 when the electric law was passed. This law promotes renewable 
energy through special dispatch regulations (IRENA, 2015).  Furthermore, the 2008 constitution 
declared that the government would advance energy efficiency and the use of alternative energy 
sources that are environmentally clean (Georgetown University, Article 15, section 2, 2008). 
Since 2008, Ecuador has been pushing to further reduce the dependency they have had on fossil 
fuels such as gasoline and diesel. Many projects have been developed to study the possibility of 
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Ecuador’s potential for increasing the amount of hydroelectric plants, and more projects have 
been under development to increase the amount of energy produced by similar technologies. 
 
Finding 2: The Ecuadorian government’s current engagement in subsidizing fuel creates a 
negative incentive to switch from gas dryers to heat pump dryers. 
Through personal communications with Akos Lukacs, we found that Ecuador’s 
government controls and subsidizes fuel prices, including gasoline, diesel, and cooking gas. As 
of 2010, the Agencia de Regulación y Control Hidrocarburífero is in charge of regulating and 
supervising the distribution of fuels within Ecuador (Agencia de Regulación y Control 
Hidrocarburífero, n.d.). This subsidization has remained fairly constant since 2013, and allows 
for consumers to only pay about 8% of the international market rate of fuel (Ecuador, 2017). 
That is twelve times less than the average payment in Peru, fifteen times less than in the United 
States, and sixteen times less than in Columbia. With gas prices this cheap, many consumers may 
be resistant to switching over to a heat pump dryer that requires paying for electricity. 
In 2016, there was an attempted implementation of the dryer in Ecuador. Lukacs 
partnered with Salinerito, a Christian community within Salinas, Ecuador that promotes 
agricultural industries in order to achieve integral development (¿Quiénes somos?,2011). As 
claimed by Lukacs and verified through our analytical tool, Salinerito is the epitome of a social 
economy with the lowest corruption in Ecuador, and the perfect place for innovation of drying 
methods. However, this implementation never occurred because of the extremely cheap gas 
prices. Citizens did not want to pay more money to use a heat pump dryer when they could 
utilize a gas dryer at a much lower cost. The implementation of this dryer in Ecuador is still of 
great interest to Lukacs because the Ecuadorian government has been trying to reduce or 
eliminate financial dependency of citizens on it.  
 
4.2 Business/Entrepreneurship  
Finding 3: There are fruit drying companies that already exist in Ecuador that may be 
interested in the heat pump fruit dryer due to their size. 
We found that there are fruit drying companies that already exist in Ecuador that may be 
interested in the heat pump fruit dryer due to their relatively small size and prominence in the 
fruit market. Fruit drying is a prevalent practice in Ecuador due to the country’s high volume of 
fruit production and large market for it. Most successful fruit exporting companies are of a 
medium size, which, in Ecuador, is defined as a company having between 50 and 199 people, 
and an annual revenue of between $1,000.001 and $5,000.000 (Buestán & Rodríguez, 2013). 
Four major fruit drying companies in Ecuador that we found are Inca’s Treasure, 
Desifrut, Biolcom, and Terrafertil. The locations of these businesses are shown in the map below 
in Figure 2. Three of the four companies are located in or just outside Quito, the capital of 
Ecuador, and all are relatively highly developed. 
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Figure 2: Fruit Drying Companies in Ecuador (Google Maps, 2017) 
 
Inca’s Treasure is a vertically integrated company focusing on economic, environmental, 
and social impact through sustainability. They thrive by focusing on four pillars: Inspiration, by 
being a part of something special; nobility, by following sustainable agricultural practices; 
commitment, by being dedicated to high quality operations to achieve high quality product; and 
authenticity, by pursuing continued creativity. A large focus of Inca’s Treasure is on superfoods, 
and they have a wide array of dried fruits to purchase through their website. Their large selection 
and well-established online presence suggests a relatively popular and successful company 
(Inca’s Treasure, 2017). Through interviews with representatives from Inca’s Treasure, they have 
stated that they foster entrepreneurship, explaining that, “[a]nyone willing to work with us is 
more than welcome and we give the right guidelines of how to startup a business.” They also 
specified that they would consider partnering with local residents who dried fruit with the heat 
pump dryer (Inca’s Treasure, personal communication, September 2017). 
Desifrut is a relatively young company, having only been around for four years. They 
have National Health Registry and Good Manufacturing Practices certifications, an impressive 
feat for a newer business. Their motto is to “create products that preserve life and therefore 
become healthy,” and they acquire their fruit from different regions within Ecuador that have 
microclimates. Their selection of eleven dried fruit products is small, but they market them as 
being purposed for both snacks and fruit tea (Desifrut, 2016). Because of the short amount of 
time Desifrut has been around, and their eagerness to receive more certifications, they may be 
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interested in the fruit dryer, which has been proven to produce high quality fruit in an efficient 
fashion. 
Biolcom is a Swiss-owned and managed Ecuadorian fruit drying company established in 
2003. They claim to use only natural additives from Ecuador in their products, and modern 
European drying technology. Their products include dried fruit, extracts, juices, and more. 
Biolcom’s goals, according to their website, include wanting to deliver natural products to 
produce higher-quality and healthier fruit, paying fair prices to those who produce the raw 
materials, protecting natural resources, and saving energy. Their dedication to natural products 
and energy efficiency makes them a viable option to consider for implementation of the dryer, 
especially because their website advertises their willingness to partner (Biolcom, 2014). This 
pairing may be ideal because of Biolcom’s Swiss roots. 
Terrafertil is a fruit drying company with over 20 years of experience. Their top priority 
is quality, and they only produce natural dried fruits. Terrafertil works under strict sanitation 
standards, meeting guidelines set both by these standards and the preferences of the client they 
are producing for. They lack a website, with information being pulled from a supplier database, 
but claim to produce for supermarket chains and Nestlé (Terrafertil, 2017). Similar to the other 
companies, Terrafertil’s dedication to quality and sanitation indicates it may find use of the dryer 
for further production, especially because of the dryer’s proven cleanliness. 
 
Finding 4: There are nonprofits operating in Ecuador that could be instrumental to 
funding or assisting in an implementation. 
We discovered nonprofits operating in Ecuador that could be instrumental to funding or 
assisting in an implementation. First, the Mango Ecuador Foundation is a large nonprofit whose 
mission is to help the producers and exporters of mangoes be sustainable with their resources. 
Their major partners are listed on their website. However, most of them are very large 
companies, which may be inappropriate for the fruit dryer. Support from this nonprofit would 
prove to be a strong resource for implementation because of their connections to the industry, but 
the scale of production may not be compatible (Mango Ecuador Foundation, 2017). They did not 
respond to our emails at this time. 
Another resource is the Simón Bolívar Volunteer Program and Fundacion Bolívar 
Education. They are a nonprofit, nonpolitical foundation that specializes in adopting projects and 
finding volunteers for them, especially with making connections and partnerships with 
organizations in Ecuador and worldwide. This volunteer platform is one way engineers could be 
channeled into communities in Ecuador to teach the locals how to make, operate, and maintain 
the dryer for free. On their website, it says they are “always looking for new ideas and projects” 
[awaiting second response] (Simón Bolívar Volunteer Program History, 2015). 
The Yanapuma Foundation is a small, non-governmental foundation in Ecuador and the 
United Kingdom. Their goal is to work “with local and international partners to bring about 
lasting change for the marginalized and indigenous people of Ecuador.” They have six principles 
that frame their work: Sustainability, social justice, respect, freedom, transparency, and 
professionalism. Like most non-governmental organizations (NGOs), Yanapuma maintains 
relationships with other NGOs, universities, volunteer groups, government organizations, and 
community groups. One of their areas of interest lies in “Agriculture and Environment,” and 
another in “Education and Sustainable Economies.” Due to their interest, size, and familiarity 
with working internationally, they could be interested in a project like the heat pump fruit dryer. 
In addition, since the foundation aims to help the marginalized communities of Ecuador, that 
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opens communication with a critical group whose input is necessary for potential implementation 
(Yanapuma Foundation, n.d.). They did not respond to our emails at this time. 
EkoRural is an NGO in Ecuador that strives to help locals learn to help themselves. 
EkoRural’s interests include strengthening communities to produce more food and income, as 
well as improving the health of people and the environment. EkoRural is one of the founding 
members of Groundswell International, an organization dedicated to a “bottom-up movement to 
overcome hunger, poverty, and the devastating effects of climate change”  (Groundswell 
International, 2017). Of the aforementioned organizations, the ideals and approaches of 
EkoRural align the most with NTB’s idea of how the fruit dryer should be implemented into 
communities. Both believe in a sustainable and local model for improvement (EkoRural, 2017). 
They did not respond to our emails at this time. 
 
4.3 Environmental considerations 
Finding 5: Heat pump drying technology is appropriate in environmentally conscious 
Ecuador. 
Ecuador has a commitment to cutting down on harmful emissions. In 2007, the 
Intergovernmental Panel on Climate Change adopted a top-down technique to help recognize 
CO2 emissions based on a country’s energy supply. The trend showed that emissions continue to 
increase when the economy and population grow. With this in mind, the Ecuadorian 
government’s goal was to create a cost efficient and stable energy supply that minimally affects 
the environment (Robalino-López, A., Mena-Nieto, A., & García-Ramos, J. E. 2014). 
The heat pump fruit dryer relies on electricity, therefore contributing very little to CO2 
emissions. Depending on where the energy is coming from, CO2 can be reduced further through 
the use of renewable energy. Using electricity as a power source is more desirable than natural 
gas due to the fact that CO2 emissions are much lower. In Ecuador, 61.29% of the energy 
produced is renewable, and 57.97% comes from hydropower alone (De Turismo, M. 2016). 
Ecuador has high potential for developing its renewable energy sources. Many 
hydroelectric projects have been designed to help Ecuador develop this. The largest project, 
Coca Codo Sinclair, has a capacity of 1500 MW and an estimated net worth of 2.25 billion U.S. 
dollars (Robalino-López, A., Mena-Nieto, A., & García-Ramos, J. E. 2014). 
The heat pump fruit dryer has potential to fit into energy conscious Ecuador because the 
device itself is rather energy efficient. In 2008, Ecuador adopted rights for nature in their 
revision of the constitution, which shows how significant the environment is to the Ecuadorians, 
and how technology introduced will only survive if it is appropriate (Georgetown University, 
2008).  
Ecuador has been fighting many environmental impacts, a large one being the 
deforestation of land. Approximately 198,000 hectares are deforested every year (Larrea, 2009). 
Deforestation has large effects on CO2 emissions, and the reason for deforestation has often been 
to exploit the natural petroleum in the ground, which lends itself to more CO2 emissions. At odds 
with trying to reduce CO2 emissions while still allowing the economy to benefit from their 
number one natural gas resource, Ecuador attempted an initiative. In 2009, the initiative aimed to 
keep petroleum located underground in the Yasuni National Park where it was (Larrea, 2009). 
Unfortunately for the indigenous groups, who soon after protested, this initiative never passed 
due to the lack of promised funding (Stolle-McAllister, 2015). 
The indigenous groups seem as though they would support the heat pump fruit dryer if it 
meant that their land would not be exploited for the country's economic gains. In the last decade, 
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the government has promoted an environmental conservation program known as Socio Bosque. 
The concept behind this is that it offers payments for environmental efforts such as watershed 
conservation. The government seeks to protect the biodiverse ecosystems and help the country’s 
most troubled communities (De Koning, F, et al, 2011). 
This concept of giving small incentives for conservation goes hand in hand with the 
United Nation’s Reducing Emissions from Deforestation and Forest Degradation plus 
conservation program, or REDD+ (Stolle-McAllister, 2015). In addition, incentives of the same 
nature are given through Payment for Environmental Services, or PES (De Francisco, et al). It is 
significant that outside entities such as the state, NGOs, and corporations are willing to pay 
individuals or communities to conserve their land because it shows that everyone is pushing for 
environmental friendliness, and it seems as though a large and diverse group would be willing to 
support these actions. If the heat pump fruit dryer was not environmentally conscious, it would 
not fit into many communities in Ecuador. Over time, the dryer would be replaced by the 
technology that would better support the environment. 
 
4.4 Conclusion 
 Through our research, we discovered that Ecuador is a feasible location for 
implementation of the heat pump fruit dryer. There are fruit drying companies that currently 
exist in Ecuador, some of which receive help from NGOs. Although Ecuador’s government 
provides subsidized fuel, the country has a stable energy supply and a drive for becoming more 
environmentally friendly.  
It is important to acknowledge the limitations of our project. Due to our location in 
Switzerland, it is hard to make meaningful contact with potential users and gauge their interest in 
the dryer. Our number one priority is ensuring we do no harm to the communities of potential 
implementation. Despite the challenges we faced, we were able to acquire these findings that 
gave us meaningful insight into the potential implementation in Ecuador. 
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Chapter 5: Recommendations & Conclusion 
Based on our research and findings, our team developed four recommendations for 
specific communities interested in the dryer, as well as for NTB and WPI. In our 
recommendations, we discuss a viable funding option, renewable energy options, how an 
interested community might approach the implementation of the dryer, and possible project 
directions for the future. 
 
5.1 Funding 
Recommendation 1: We recommend a kickstarter campaign to raise money for the dryer’s 
implementation. 
 Since we are looking to implement the dryer in developing communities, there is a strong 
chance they may need outside funding to assist in the process. After analyzing multiple methods 
to raise money, we recommend a Kickstarter or GoFundMe campaign as the only realistic and 
viable option to fund this endeavor. 
 Kickstarter campaigns are a globally popular method for raising money for various 
projects, including technology, music, and other innovative ideas. The most popular of these 
domains is the aptly named kickstarter.com, a for-profit company that must consider the impact 
of their decisions on not only stakeholders, but society as well. For a project to receive funding 
through this platform, it must reach its minimum fundraising goal. If it does not, the project 
receives no funds through the site. Over 3 trillion USD have been pledged through the site, 
successfully funding over 130,000 projects (Kickstarter, 2017). Perhaps the most relevant 
statistic about the platform’s impact is that most successfully funded projects raise less than 
$10,000 (Kickstarter, 2017). Based on information found in Tables 2 and 3 in Appendix D, the 
total cost of the heat pump, materials, and shipping should not exceed this amount, even if 
everything requires the highest theoretically calculated cost. This is also assuming that the 
community needs full funding assistance and purchasing of all materials. At the highest 
calculated price, the total cost comes to $9,568. Some prices for materials were found in the 
United States and Switzerland, but materials in Ecuador may be cheaper. Additionally, shipping 
costs are only an estimate, and the most expensive shipping occurs when everything is shipped 
separately.  
A feature of Kickstarter that prompts more people to pledge more money is the tier 
rewards program. In most campaigns, rewards are offered for various levels of pledging, should 
the project be successfully funded. Since the community is asking for funding in the first place, 
we do not want it to have to offer anything substantial. We recommend that, should they go 
through with a kickstarter campaign, their tier rewards include various amounts of dried fruit 
based on the amount pledged. Other personal tier rewards that may offer more help and visibility 
to the community and its economy are handmade gifts native to the area. Many Ecuadorian 
artists specialize in traditional weaving, pottery, and woodwork. Since these practices are 
common and would most likely not have a negative effect on their businesses, this is a plausible 
option for a tier reward to gain more interest and pledging. Because the Kickstarter platform does 
not require an investment by the community, nor does it pose any potential harm to the 
community or its local businesses, this is the most viable option for funding. 
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5.2 Renewable energy options 
Recommendation 2: We recommend designing a heat pump that is powered by either 
biogas or photovoltaic cells. 
Through our research of Ecuador and personal communications with Akos Lukacs, we 
learned that gas prices are extremely cheap in Ecuador because the government has been 
subsidizing fuel since 2002. Fuel prices have not fluctuated much since then, and subsidized fuel 
requires the consumer to pay only about eight percent of the total international market price. 
Since these prices have remained extremely low, consumers find gas dryers as an affordable 
method for removing moisture. In order to introduce the heat pump dryer and ensure its 
acceptance, the consumers’ interest must be grasped in such a way that the dryer benefits them 
instead of being an inconvenience. 
Ecuador is an environmentally conscious country that has developed laws to ensure a 
clean ecosystem. Although the heat pump dryer emits less carbon dioxide than other methods for 
drying fruit, it still depends on electricity that may cost more than what consumers are willing to 
pay. Ecuadorians would likely be reluctant to pay more money for a system that ultimately 
performs the same function as a more affordable gas dryer. Therefore, we recommend designing 
a dryer that reduces the cost of electricity. Two options include photovoltaic cells and biogas. 
Photovoltaic cells are commonly known as solar panels, in which the sun’s rays are converted to 
electricity. This option reduces the high cost of electricity. Biogas takes the gases from the 
breakdown of organic matter and converts it to fuel. We conclude that the dryer’s dependency on 
electricity is not the problem, but rather the cost of electricity relative to subsidized gas. Cheaper 
energy options would mitigate that problem.   
 
5.3 Possible communities  
Recommendation 3: We recommend having Salinerito, in Salinas Ecuador, apply as a 
project site for Engineers without Borders.  
Engineers without Borders (EWB) offers communities opportunities to request their 
services as a volunteer organization that strives to bring its members’ technical knowledge to 
communities that do not have it. They believe in sustainability and set up monitoring systems 
after implementation to ensure a successful technology transfer (Engineers Without Borders, 
2017).  
Once Salinerito has confirmed interest in the heat pump fruit dryer, we recommend that 
members of this community fill out the application for EWB to assist them with implementation. 
If they are selected as a project from a university’s chapter of EWB, Salinerito will benefit from 
volunteers who want to help implement the drying system in the best way possible. After talking 
with WPI’s chapter of EWB, we have discovered the careful process they undergo to ensure that 
everything they are doing is beneficial for the community. They split their project into 3 stages: 
assessment, implementation, and monitoring (Dunphy, personal communication, 2017). 
 
5.4 Future projects  
Recommendation 4: We recommend that a future IQP team in Ecuador work under the 
sponsorship of an NGO, in order to assist in the assessment of the feasibility of an 
implementation onsite. 
 We recommend that the project be continued at the WPI project center in Cuenca, 
Ecuador, which would allow the site to be assessed more effectively. While off site research is 
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important, onsite research is essential. To accurately understand the users’ interest and the effect 
of the device, the nuances of life in Ecuador need to be understood. The Ecuadorian culture 
values trust highly. It is important to Ecuadorians to work with people with whom they have 
cultivated relationships. We recommend that a future team follow up with the existing fruit 
companies and organizations located in or near Quito. This area is about eight hours away from 
the WPI project site, but there is another rich area for mango and banana production that lies to 
the north west of Cuenca. Suggested methods to assess feasibility include, interviews, 
ethnographic profiles, and surveys.  
The WPI project site in Cuenca was developed in 2015, and supported five projects in 
2017.  Laureen Elgert is the project director. The project site operates January to March 2018, 
January to March 2019, and October to December 2019. With a project team in Ecuador, 
organizations and farmers would be more likely to communicate and new connections could be 
formed between Ecuador, NTB and WPI.  
 
5.5 Conclusion 
Fruit spoilage is a recurring problem in countries that produce large quantities of fruit. 
One way to alleviate this waste is to preserve the fruit by drying it. The goal of our project was to 
aid NTB in exploring the feasibility of introducing a heat pump fruit dryer into communities 
within Ecuador. We learned about the use and functionality of the dryer from a range of 
perspectives through interviews with people who have experience with it. In order to identify 
site-specific factors that affect the practicality of the dryer, we developed and applied an 
analytical tool to assess factors that indicate the feasibility of the device. We then synthesized 
research to determine a pathway to viability for the implementation of the dryer in communities 
within Ecuador. Although working remotely posed challenges in data collection, it guided us in 
the formulation of our project’s methods, primarily in the form of research and interviews. 
After synthesizing our data and collecting information, we identified five key findings 
that shed light on the areas of reliable energy, business considerations, and environmental 
factors. We determined that Ecuador’s current energy grid is very reliable, although subsidized 
gas from the government discourages phasing out gas powered devices. We then identified local 
fruit drying companies and nonprofits that may be helpful during implementation. Finally, we 
determined that Ecuador’s push to become more environmentally friendly is a positive incentive 
for the dryer’s implementation. 
Our research and findings framed our recommendations for NTB, WPI, and communities 
interested in the dryer. These recommendations discuss different options for funding, energy, 
potential implementations in Salinerito, and what direction this project as a whole could progress 
towards over the next few years. Direct contact with members from a community is necessary for 
evaluating the feasibility of the dryer there, which was our reasoning for recommending the 
project to be continued at WPI’s Ecuador site. We have provided our sponsor at NTB with a 
contact list of resources, including the response rate, as a way to gauge their interest in the 
project. In addition, we designed a pathway to viability with major milestones for interested 
communities to follow as a guideline for the implementation of the dryer.  
Although Ecuador is not a site where the implementation of the dryer can occur 
immediately and with ease, it is certainly a location that has high potential for adopting the dryer. 
The prevalence of subsidized gas hinders the implementation of the dryer, but as Ecuador moves 
toward following more environmentally conscious policies, the dryer’s implementation should 
become more feasible. In the next steps following this project, it is necessary to maintain direct 
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contact with the potential users to allow for their active involvement while ensuring the 
implementation does no harm. 
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Appendices 
 
Appendix A: Interviews 
*Personal contact, responses and questions have been paraphrased  
**translations completed through the use of google’s translate generator 
 
Ahmad Ashrafi - Inca’s Treasure 
 
What is the method you use to dry your fruit? 
(Gas dryer, solar dryer, etc.) 
Electric ovens, freeze-dry and looking into 
solar drying.  
How much dried fruit would you say you 
produce per day/week? 
800kg 
Can you tell us about the supply chain, from 
gross fruit product to final product 
distribution? How do you go about selling it? 
We buy the fruit (some of it we produce 
ourselves).  
Once it’s in the plant it’s selected by workers and 
washed.  
Cut to the specifications.  
Dried  
Packaging and selling.  
How much do you buy your gross fruit 
product for? If you provide it yourself, how 
much would you value it at? 
Depends on market conditions and the fruit 
we are buying. We value everything at market 
prices.  
How many people are involved in drying the 
fruit and what do they each do? 
7-10 people. Selection, cutting, quality control, 
packaging. 
Do you know of any communities that may 
have interest in the dryer? 
Yes, maybe 2 or 3.  
Would you consider a partnership with locals 
that own a heat pump dryer and dry the fruit? 
Yes  
On your site it says  “We are a vertically 
integrated company from seeds to products 
that believe to be sustainable, we must 
balance a triple bottom line - economic, 
environmental, and social”. Can you provide 
us with some insight into some of the 
sustainable, economic, environmental and 
social aspects as it affects your business 
practice? 
Ecuador is an expensive country to operate 
and we must always build a viable 
business.When we work with communities we 
make sure that we are able to compete in the 
international markets and that it’s still of 
business for them.  
 
With regards with the environmental we are 
the centerpiece of the change to organic 
farming practices. It takes commitment and 
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technology to change farming practices.  
 
And the social, we foster entrepreneurship. 
Anyone willing to work with us is more than 
welcome and we give the right guidelines of 
how to startup a business.  
 
Are you willing to share any contacts you 
think might be of use to us? 
Depends on what you are looking for I could 
share the right contacts.  
 
 
*Stefan Bertsch 
 
When did you become involved with NTB? 
 
● NTB undergraduate student about 20 
years ago 
● Graduate student at Purdue 
● Returned to NTB as faculty 10 years ago 
What experiences do you have working with the 
system. Have you dried the fruit? 
 
● Building, designing the system 
● Cutting and drying fruit 
● Helped previous IQP team create user 
manual 
● Haven’t found time yet to visit Africa 
How many revisions have been made to the dryer? 
 
● Heat pump is the same unit 
● Drying room looks much different 
○ Originally, plywood placement 
was less structured, which led to 
humidity with not being airtight 
○ Basic setup on bottom of dryer is 
the same of system 
○ Modifications made per region 
■ Adding converter for 
different region’s voltage 
What were your goals for your involvement? 
 
● Find a solution for Burkina 
Faso/developing countries 
○ Believes with a little income, 
many things will follow 
● Want things to be produced locally from 
start to finish of product involved 
○ Cheaper in long run 
○ Communities benefit more 
● NTB projects allows students with 
technical background have a new 
perspective 
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● Nonprofit, not to make money from it  
Are you happy with the quality of the dried fruit 
and does the dryer meet your expectations? 
 
● Tested several times with excellent quality 
● Gebna is selling the product and a new 
product line was established with the heat 
pump dried fruit from Burkina Faso 
What fruits have you dried with the dryer? How 
long do they take to dry? 
 
● Mango, apples 
● Akos has tried tomatoes, beans, and many 
more 
● Time to dry depends on how thick you cut 
it, and how much water is present based 
on type of fruit 
● mango takes 12-24 hours to dry, apples 
will dry within 12 hours 
○ Mango weight is reduced by 
factor of 10 
What is your involvement in the future, giving the 
dryer and modifying it? 
 
● At the university, they can make 
modifications/prototypes 
● Can also build system, but prefer not to, in 
order to limit dependence and empower 
people 
○ To build at NTB makes shipping 
material cost significantly higher 
than area it would be used in 
● Can help establish contact to industry 
work that can get some of the 
components, they might not be able to get 
locally 
Is the dryer sanitary? ● Yes it is sanitary 
● It reaches temperatures above 60 degrees 
Celsius 
● dryer itself is not in contact with fruit, 
using nets 
● Can steam clean dryer 
● More sanitary than solar drying 
Do you supply the heat pump? ● Shipped the whole system the first time 
● Shipped only the heat pump unit the 
second time and they built the rest 
● Gerhard shipped 5 heat pump units when 
he visited Burkina Faso and helped build 
3 systems with the locals, so that they may 
be able to build the other two systems 
● Can fit essential components for 10 dryers 
if they were to ship one whole system 
○ Whole thing it's about 1 m wide 
by 2 m high  and 2 m long 
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○ shipping costs to Africa are fairly 
high 
● Heat exchanger is 1 m by .30 m by . 40 m 
● How many power outages are okay before 
it becomes unacceptable?  
● 70% of the time required to dry 
● 1-3 hours of interruption is okay 
○ More than this and fruit will go 
bad 
Additional information provided about Burkina 
Faso: 
● Existing company was drying fruit, with 
gas dryer 
○ Would burn down every 2 years 
on average 
● Gerhard spent about 10 days educating 
people with the process of building dryer. 
He went with Christian Hueber (from 
Okozentrum) where they had a difficult 
time with culture/understanding 
● Heat pump designed to create jobs, 
although it could easily be designed as an 
automatic process 
● Small percentage of mangoes (about 20%) 
are used for export and the rest is lost on 
the field/mango fly 
○ Possible solution is a biomass 
reactor (made in india very cheap) 
■  reliable energy 
■ rotten mangoes not on 
field, reduce mango fly 
■ means further investment 
● Investment is difficult because people 
tend not to live over 40, so people don’t 
typically plan for the next day, but rather 
plan one day to the next 
● Burkina takes trees and cuts them into 
sheets for the shelves  
● Burkina does not have a lot of water 
access 
● Fresh water, 10 buckets lined up cleaner 
as you go down 
Clarification with the heat pump ordering: 
 
● NTB can work together with companies. 
They don't have any specific office. They 
are doing it in their free time 
● Starting it up not big issue 
● Still helping out Burkina Faso after 5 
years 
Additional information about the dryer and its 
operation: 
● Prep work is the most time consuming 
role 
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● In the beginning of the drying batch, the 
fan is on the highest speed. Water comes 
out from the bottom. When water exiting 
slows down, reduce the fan speed, and can 
let it run overnight 
● 1 person can easily have 10 dryers in 
parallel 
● At NTB, it took 9 people total peeling for 
an entire afternoon to fill the dryer 
○ Much more careful because lack 
of abundance and do not want to 
be wasteful 
○ Not as fast 
● 50 kg dried fruit  
 
*Engineers without Borders: Katie Dunphy 
 
How do you select projects? Our new project selection process includes 
looking at our club’s technical abilities and 
resources to determine what classification of 
project and what extent of a project would be 
feasible.  
What is your monitoring system like? We recently entered into a partnership with a 
group of Civil Engineering students at a nearby 
university, who have agreed to visit the 
community to take any sort of measurements or 
data collection we may need while we’re not in-
country. In addition, we have trained community 
members how to take various measurements by 
themselves that don’t require advanced technical 
skills or resources. We also are working with an 
NGO in-country, and representatives have offered 
to go up to the community every few months, or 
as needed, to conduct observations and collect 
more data. 
How do you keep track of progress on and off 
site? 
We have an extensive knowledge transfer system 
primarily contained within Google Drive, which 
has information from all trips available to club 
members. When each travel team comes back 
from a trip, they host a presentation for the rest of 
the club and mentors to show the new data that 
was collected from the trip. 
How do you gauge your success? What do you 
look for? 
At the conclusion of a project we evaluate its 
sustainability. For example, if a part of a system 
breaks, does the community know how to fix it? 
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Can the community ration their own water or are 
they dependant on the structure we put in place? 
How do you account/evaluate risks/costs? We put in place a budget before each trip, and 
ensure we have enough to cover our expenses, as 
well as extra for unexpected expenses that arise 
during trips. In addition, we complete extensive 
documentation both before and after each trip, to 
ensure our trips remain practical, realistic, and 
beneficial for the community. 
 When starting a project in a new site, what are the 
major milestones? 
We complete trips in 3 stages, with 1-4 trips in 
each stage. Right now we are in the first stage of 
our Ecuador project. 
● Assessment: looking at a potential project, 
evaluating community resources and 
culture, establishing a baseline to measure 
impact later on. 
● Implementation: building/installing a new 
system, including procuring materials and 
teaching the community how to do 
construction. 
● Monitoring: ensuring an installed project 
has been utilized successfully; making 
necessary repairs, handling social issues 
that arise as a result of the project, and 
ensuring community members can carry 
on the project 
 
What challenges have you faced? How did you 
overcome these? 
The most significant has been the community’s 
lack of involvement. They didn’t believe we were 
coming back to continue the project, so they 
hadn’t taken the measurements we’d asked them 
to take. When we went back for our second trip, 
they told us they hadn’t thought we’d come back 
and they apologized for not communicating with 
us. Based on our conversation, we think we’ve 
built trust with them and that they’ll communicate 
better in the future. 
Any advice or contacts you would like to share 
that may be relevant to our project? 
The biggest piece of advice is to not force 
anything. Any type of project that disrupts the 
community’s structure, values, or hierarchy in an 
undesirable way won’t be sustainable, and won’t 
end up being beneficial for the community. To 
help with this, use as much local labor and local 
materials as possible during implementation, and 
make sure community members understand as 
many aspects of the system as possible. 
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** Gerhard Purkathofer 
 
Briefly describe your 
educational and career 
background. 
 
Feinmechaniker 
Präzionsmaschinenbau 
 
Precision mechanics Precision 
machine construction 
 
When did you become involved 
with NTB? 
 
1.3.2011 
 
March 1, 2011 
 
What were your goals of your 
involvement? 
 
Menschen in 
Entwicklungsländer eine 
nachhaltige Beschäftigung zu 
ermöglichen 
 
Create a device for people in 
developing countries 
 
What experiences do you have 
working with the system? 
 
Die Maschine ist einfach 
aufgebaut und leicht zu 
bedienen. 
 
The machine is simple and easy 
to use. 
 
Does the dryer meet your 
expectations? Why or why not? 
 
Ja! Er ist gebaut in einer 
vernünftigen Grösse, dass 
sowohl das Bestücken wie auch 
der Trocknungsprozess in einem 
vernünftigem Rahmen liegt. 
 
Yes! It is built in a reasonable 
size so that both the loading 
process and the drying process 
are within reasonable limits. 
 
Have you dried fruit with the 
dryer? What have you dried? 
 
Ja. In Burkina Faso in 
Verbindung mit der Firma 
Gebana, am NTB Buchs, nach 
dem Bau der Maschine, diverse 
Versuche um die Maschine zu 
testen. Mangos und Äpfel. 
 
Yes. In Burkina Faso in 
connection with the company 
Gebana, at the NTB Buchs, after 
the construction of the machine, 
several attempts to test the 
machine. Mangoes and apples. 
 
Are you happy with the quality 
of the dried fruit? 
 
Sehr zufrieden. Auch alle, die 
die Qualität der Früchte getestet 
haben. Da nur mit warmer Luft 
getrocknet wird, bleibt das 
Aroma der Frucht voll erhalten. 
Es gibt auch keine verbrannten 
Teile an der Frucht, was den 
Geschmack beeinträchtigen 
könnte. 
 
Very satisfied. Also, all who 
have tested the quality of the 
fruits. As the air is dried only 
with warm air, the aroma of the 
fruit is fully preserved. There are 
also no burnt parts on the fruit, 
which could affect the taste. 
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Would you recommend the fruit 
dryer to a friend? 
 
Ja. Auf jeden Fall. 
 
Yes! In any case 
 
Do you find the dryer a good use 
of your time? 
 
Auf jeden Fall. Geringer 
Energieaufwand. 
Umweltfreundlich. Die Früchte 
werden nicht mit Gas belastet. 
Gesünderes Ergebnis für den 
Konsumenten. 
 
In any case. Low energy 
consumption. Environmentally 
friendly. The fruits are not 
loaded with gas. A more healthy 
result for the consumer. 
 
Is there anything you would 
change about the dryer, if so, 
what? 
 
Um das zu beurteilen müssten 
wir noch mehrere Versuche und 
Messungen durchführen. 
 
To judge this, we would have to 
carry out several experiments 
and measurements. 
 
Do you have any comments or 
questions for us? 
 
Es gibt Organisationen, die 
Entwicklungshilfe für neue 
Projekte fördern. Interessant 
wäre, Organisationen zu finden, 
die den Start entwickelter 
Projekte weiter in kontrollierter 
Form, finanziell unterstützen. 
Problem besteht darin, es wird 
etwas vernünftiges entwickelt 
und gefördert wird und 
anschliessend ist kaum mehr 
Interesse an einer Weiterführung 
des Projektes vorhanden. 
Gefördert werden eben nur neue 
Projekte. 
 
There are organizations that 
promote development assistance 
for new projects. It would be 
interesting to find organizations 
that support the start of 
developed projects further in a 
controlled form, financially. The 
problem is that something 
sensible is developed and 
promoted, and there is little 
interest in continuing the project. 
Only new projects are supported. 
 
Do you know of any contacts 
outside of the NTB group who 
we could contact? 
 
www.sonnenschein-
stipendium.org; 
edurard.mathies@vol.at; 
www.nicasolar.org; 
www.eineweltgruppe.at; 
 
www.sonnenschein-
stipendium.org; 
edurard.mathies@vol.at; 
www.nicasolar.org; 
www.eineweltgruppe.at; 
 
 
Daniel Gstöhl 
 
Briefly describe your educational and career 
background. 
Mechanical engineer, professor in the field of heat 
transfer 
When did you become involved with NTB? I started to work at NTB 3.5 years ago. 
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What were your goals of your involvement? Teaching thermodynamics and fluid dynamics and 
working in different research projects of the 
institute. 
What experiences do you have working with the 
system? 
I did not operate it. I have seen it working and 
tasted some dried fruits 
Does the dryer meet your expectations? Why or 
why not? 
The expectations were met as the fruits are very 
tasty.  
Have you dried fruit with the dryer? What have 
you dried? 
No, I just tasted some dried mangoes and apples 
Are you happy with the quality of the dried fruit? Yes, the quality is excellent.  
Would you recommend the fruit dryer to a friend? Yes, it works well and is cheap 
Do you find the dryer a good use of your time? I cannot answer as I did not use it. 
  
 
Is there anything you would change about the 
dryer, if so, what? 
I am a little concerned about hygienic design, as it 
might be an issue for a wider application. 
 
**Kone Karim 
 
Briefly describe your 
educational and career 
background? 
- KONE Karim : DESS (bac+5) 
en Environnement ; DESS 
(bac+5) en planification 
régionale et aménagement du 
territoire ; Doctorant en Sciences 
Appliquées du développement. 
 - SOUNTOURA Hama :   
Ingénieur électromécanique (bac 
+3) 
 
-KONE Karim: DESS (BAC + 
5) in environment; DESS (BAC 
+ 5) in regional planning and 
land management; PhD student 
in applied Sciences of 
development. 
  
-SOUNTOURA Hama: 
Electromechanical engineer 
(BAC + 3) 
What is your current 
occupation? 
- KONE Karim : Coordinateur 
du Pôle CESAO-Pole Régional 
Burkina 
 - SOUNTOURA Hama : 
Chargé du projet de diffusion de 
séchoir à fruits à pompe à 
chaleur 
 
ONE Karim: Coordinator of the 
ESCWA pole-regional pole 
Burkina Faso 
-SOUNTOURA Hama: In 
charge of the project of diffusion 
of fruit dryer with heat pump 
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Did you work with NTB and 
Ökozentrum in the heat pump 
fryer project? If so, tell us about 
it? 
Evidemment que nous avons 
travaillé avec NTB et 
Ökozentrum. 
·Nous avons eu à travailler 
ensemble dans le cadre de la 
formation des artisans du 
Burkina Faso sur la technologie 
de séchoir à fruits à pompe à 
chaleur en mars 2016. Des 
préparatifs (la venue de l’équipe 
Christian de Okozentrum et 
Gerhard de NTB, l’identification 
des artisans, etc.) à la tenue de la 
formation proprement dite du 07 
au 18 mars 2016. A l’issue de 
cette formation deux (02) parties 
techniques des sécheurs (pompes 
à chaleur sans les chambres de 
séchage) ont été montées. 
·Nous avons continué la 
collaboration via l’internet 
(échange de emails) pour la 
confection des chambres de 
séchage et la mise en service des 
séchoirs à pompe à chaleur. 
·Nous avons par ailleurs eu à 
échanger avec Vera de 
Okozentrum via un appel skype 
sur le mode de collaboration 
entre les différentes structures 
(CESAO et les vôtres) 
·Et jusque-là nous sommes en 
contact avec Gerhard de NTB 
pour la résolution des  pannes et 
aussi pour la commande de 
matériels. (D’ailleurs nous avons 
fait une commande de matériel 
en aout dernier)  
 
Of course we worked with the 
Ökozentrum. 
· We had to work together as 
part of the training of artisans of 
Burkina Faso on the technology 
of fruit dryer with heat pump in 
March 2016. Preparations (the 
coming of the Christian team of 
Okozentrum and Gerhard de, the 
identification of artisans, etc.) to 
the holding of the training itself 
from 07 to 18 March 2016. At 
the end of this training two (02) 
technical parts of dryers (heat 
pumps without drying chambers) 
have been fitted. 
·We continued the collaboration 
via the Internet (exchange of 
emails) for the manufacture of 
drying chambers and the 
introduction of heat pump 
dryers. 
 
·We also had to exchange with 
Vera de Okozentrum via a 
Skype call on the mode of 
collaboration between the 
different structures (ESCWA 
and yours) 
 
 ·And until then we are in 
contact with Gerhard de-for the 
resolution of the failures and 
also for the control of materials. 
(In fact we made a hardware 
order last August 
Where do you get the heat pump 
from?  
Pour obtenir du matériel, nous 
faisons la commande avec 
Gerhard de NTB et lui il se 
charge de le faire auprès du 
fournisseur. 
To obtain material, we make the 
order with Gerhard de, and he is 
responsible for doing it with the 
supplier. 
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Do you sell the dryer in Burkina 
Faso? If so, to who? 
Pour le moment, nous n’avons 
pas encore pu vendre un sécheur 
au Burkina Faso, ni à ailleurs. 
Cela pour diverses raisons : 
- d’abord nous n’avons pas reçu 
une commande sérieuse de la 
part des potentiels usagers   
-ensuite, le problème principal 
est les multiples pannes 
enregistrées sur les 02 sécheurs 
mis en marche. Cela ne nous 
aide pas pour la diffusion de la 
technologie car elles sont non 
seulement multiples mais aussi 
fréquentes.  
For the moment, we have not yet 
been able to sell a dryer in 
Burkina Faso or elsewhere. This 
for various reasons:-First we did 
not receive a serious order on the 
part of the potential users-then 
the main problem is the multiple 
failures recorded on the 02 
dryers set in motion. This does 
not help us in the diffusion of 
technology because they are not 
only multiple but also frequent.  
Who are the customers for the 
fruit product? 
Les clients sont notamment les 
responsables des 
entreprises/unités de séchage de 
mangues et d’ananas. 
Customers include those 
responsible for the 
companies/drying units of 
mangoes and pineapples. 
Is the dryer given to a 
community or a farmer ? 
Le séchoir n’est pas offert à qui 
que soit. Si il y’a un client qui 
est prêt à acheter, nous le 
vendons. Cependant, il faut bien 
nous assurer des pannes 
récurrentes citées plus haut.  
The dryer is not available to 
anyone. If there is a customer 
who is willing to buy, we sell it. 
However, we must be sure of the 
recurring failures mentioned 
above.  
How are you promoting the 
device currently? 
Pour faire la promotion du 
séchoir à pompe à chaleur, nous 
faisons des publications sur des 
réseaux sociaux (presses écrites 
en ligne par exemple Faso.net, 
page facebook du CESAO, nos 
pages personnelles …) ; Des 
exposés lors des ateliers des 
acteurs de la filière, et des 
présentations pendant des 
rencontres sous régionales 
organisées par l’UEMOA. A 
travers des offres de mangues 
sèches produites par les séchoirs 
à des personnalités ou lors de 
pause-café.   
To promote the heat pump dryer, 
we make publications on social 
networks (presses written online 
e.g. Faso.net, ESCWA Facebook 
page, our personal pages ...); 
Presentations at the workshops 
of the actors of the sector, and 
the presentation during sub-
regional meetings organized by 
UEMOA. Through offers of dry 
mangoes produced by dryers to 
personalities or during coffee 
break.   
What do you mean by improving En parlant d’amélioration des Speaking of improved 
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performance? Do you mean 
higher quantity of fruit? 
performances, nous parlons de la 
quantité plus élevée des fruits 
secs à la sortie car jusque-là 
cette quantité reste en deçà de ce 
qui est attendue, donnée dans le 
manuel (14 kg de fruits secs). 
Nous parlons également de la 
répétition des pannes. Le séchoir 
n’arrive pas fonctionner 
correctement plus d’une 
semaine. Durant toute la 
campagne de mangues écoulée, 
nous n’avons pas pu faire 
fonctionner les deux (02) 
séchoirs en même temps à cause 
des pannes. 
performance, we are talking 
about the higher quantity of 
dried fruit at the outlet because 
until then this quantity remains 
below what is expected, given in 
the manual (14 kg of dried fruit). 
 
We are also talking about the 
repetition of the failures. The 
dryer does not work properly for 
more than a week. During the 
entire Mango campaign, we 
were unable to operate the two 
(02) dryers at the same time 
because of the failures. 
What types of lab tests do you 
refer to when assessing the 
quality of fruit?  
Les types de tests de laboratoire 
auxquels nous faisons référence 
sont des analyses physico-
chimiques des fruits secs et 
celles organoleptiques. 
Ces tests ont été faits par le 
Laboratoire de Chimie-
Biochimie d’un établissement 
accrédité de la place.  
Les résultats obtenus sont 
conformes à ceux de Faso norme 
dont les critères sont adéquation 
avec les règles au niveau 
international. 
 
The types of laboratory tests we 
refer to are physico-chemical 
analyses of dry and organoleptic 
fruits. 
 
These tests were done by the 
chemistry-biochemistry 
Laboratory of a place-accredited 
institution.  
 
The results obtained are in line 
with those of Faso standard, the 
criteria of which are appropriate 
with the rules at international 
level. 
Do you have any information of 
how many are implemented in 
Burkina Faso currently? 
En dehors des deux (02) séchoirs 
montés et que nous avons mis en 
service nous n’avons idée 
d’autres séchoirs à pompe à 
chaleur mis en œuvre dans notre 
pays. 
Apart from the two (02) dryers 
mounted and that we have put 
into service we have no idea of 
other heat pump dryers 
implemented in our country. 
Do you have any records of any 
or all of the dryers 
implementation? 
Nous suivons l’utilisation des 
deux séchoirs mis en service et 
assurons la maintenabilité des 
séchoirs. 
We follow the use of the two 
dryers put into operation and 
ensure that the dryers are 
maintained. 
Do you know of any contacts 
outside of the NTB group who 
Non. Nous ne sommes pas en 
contact avec d’autres personnes 
Not. We are not in contact with 
other people outside of the 
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we could contact?  en dehors de NTB et 
d’Okozentrum. 
Okozentrum. 
Suggestions/other concerns Compte tenu des difficultés 
rencontrées liées à la répétition 
des pannes des séchoirs, nous 
voulons savoir s’il est possible 
de prévoir une visite au Burkina 
Faso pour constater de visu le 
fonctionnement et qu’ensemble 
nous puissions traiter les pannes. 
In view of the difficulties 
encountered in the repetition of 
the dryer failures, we want to 
know whether it is possible to 
foresee a visit to Burkina Faso to 
see the operation and that 
together we can deal with the 
failures. 
 
 
*Akos Lukacs 
 
Advantages to the heat pump fruit dryer ● In West Africa, gas is very expensive 
● Carbon dioxide emissions are less 
● No worry about fire accidents 
● Higher quality product than with gas 
dryers 
Risk ● Always think about the independence of 
the farmers 
● Motto of project should be do no harm 
● Example of people collecting clothes for 
Africa, the monitoring system is corrupt; 
people take clothes and sell it, which also 
affects the native clothes market there 
More information about company in Holland ● Producing big machines for Africa that 
are very high tech. The only issue is that 
unsure how to make money with that 
● Farmers use machines with representative 
with knowledge for operation there 
● Opposite idea of heat pump fruit dryer- 
we want them to be empowered to do 
things on their own and be independent 
Information provided about Salinerito, Salino, 
Ecuador 
 
● http://salinerito.com/ 
● Social economy, place with lowest 
corruption, “little place of heaven in 
Ecuador”  
● Visited the Priest and discussed dryer 
● Did not implement dryer because gas is 
too cheap; it’s subsidized. 
● Informed in 2014 about government 
wanting to stop subsidizing gas prices for 
2016, which never happened, but there is 
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talk about maybe this happening in 2018, 
but they are unsure 
● Difficult to find funding for project; no 
NGO behind him 
 
 
Opinion on Ecuador ● Still interested in Ecuador 
● Gas is too cheap and will have to change 
● Government has a lot of money to pay 
back to other countries, especially China 
 
Vera Schulhof 
 
Briefly describe your educational background and 
career background? 
● Background in sustainable development 
● Began as a project manager in 
Oekozentrum and soon took lead as 
project manager for dryer (about 10 
months) 
● Left Oekozentrum, that was affiliated with 
NTB Buchs and is now in Germany 
How long were you involved with the fruit dryer 
project? 
● About 10 months as project manager 
What were your goals with your involvement? ● To establish the fruit dryer technology in 
Burkina Faso 
● Want to enable partner to produce it 
locally and for them not to sell it to them 
● To allow smaller farmers and corporations 
to be able to use the dryer and have better 
product in the end 
What experiences do you have working with the 
system? 
● In contact and assisting the project partner 
in Burkina Faso 
What were some success’ with your involvement? ● Enabled partner to build dryer themselves 
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What kinds of difficulties/challenges did you 
encounter? 
 
 
● Communication very limited 
● Difficulty working with users who do not 
have proper skills 
○ Country didn’t have similar 
equipment to train with/learn 
● Difficulty for user to find material locally 
● Most materials had to be imported 
(estimated 80% of expenses) 
● Socioeconomic: lack of access to financial 
services 
○ Couldn’t afford credit 
Do you have recommendations for us looking into 
Ecuador based on what you discovered through 
Burkina Faso? 
● Good to have partner with basic business 
skill to deal with large amounts of money, 
to assess risk takings, and to forecast. 
● Need project partner in Ecuador, someone 
who is personally invested. This could be 
an institution or organization with the 
right amount of motivation and skill level. 
● Need good network/connections/access to 
people, builders, electricians (necessary to 
scale up later) 
● Partner needs more than just funding from 
fruit dryer alone, not completely 
dependent. It takes years to be profitable 
on new technology 
● Market access is most important. It 
doesn’t matter you are using this heat 
pump technology with excellent quality if 
you cannot profit off of it and sell it 
○ Pre-established buyers and sellers 
○ Partner with businesses in similar 
setting 
○ Link your partner into an existing 
supply chain 
● May not be able to adapt technology 
○ Importing goods is not ideal 
■ Reduce this 
○ Economic situation 
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Appendix B: Analytical Tool 
This analytical tool was applied to Salinerito, a Christian town that promotes agricultural 
industries in order to achieve integral development. It is located in Salinas, Ecuador. Answers to 
the criterias below were taken from their website http://salinerito.com/.   
 
Availability of fruits 
Community: Salinerito   
Are there locally grown fruits and vegetables that can be dried? Yes  
Are these fruits and vegetables sold dried elsewhere?  Yes  
Does the community have enough fruit to produce the capacity 
needed to sell?  
Yes 
**Note: Salinerito already sells dried fruits and mushrooms. 
  
Social and Cultural Considerations 
Community: Salinerito   
Are there any foreign policies that prevent technology transfer from 
outside companies? 
No 
Does the indigenous agricultural division have any experience with 
modern technology? 
Yes 
Are there any major cultural barriers to consider? No 
Does the dryer suit the cultural environment/attitude? Yes 
Is the business and agriculture sector of the economy developed? Yes 
Does the government influence the agricultural and business sector? Yes 
**Note: Although there are no foreign policies, this community is christian and values the 
fulfillment of christian inspiration (simplicity, attachment to nature, attention to the poor,etc).  
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Labor Requirements 
Community: Salinerito   
Are there people in the community available and looking for jobs? Yes 
Do all the workers have all the necessary skills; if not, can they 
obtain training? 
Yes 
Does the community value work? Yes 
Do the workers have a way to express problems they run into with 
the working conditions? 
Yes 
Is the implementation of this technology going to displace workers? No 
**Note: Salinerito is diverse; farmers, agriculturists, cattle raisers, professors, engineers, 
accountants, administrators, chauffeurs, masons, etc. are all common professions here.  
 
Costs 
Community: Salinerito   
Can the dryer be afforded? Yes 
Can transport cost be afforded? Yes 
Can energy cost be afforded? Yes 
Does energy cost fluctuate? Yes 
Can materials be afforded? Yes 
Can the fruit packaging be afforded? Yes 
Can maintenance be afforded? Yes 
 **Note: Salinerito runs on a social and solidarity economy; they receive some funding from 
external resources, but through self-management they also produce their own revenue. Even 
though they can afford all of the costs, we must keep in mind that fuel is subsidized.  
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Partners 
Community: Salinerito   
Are outside partners necessary? Yes 
Do the partners’ goals align with the overall goals of the project? Yes 
Will the partners receive payment for their contributions? Yes 
Do the partners’ have time to contribute? Yes 
**Note: Salinerito is a community that receives external economic resources, volunteers, and 
ideas from the outside, it has been like this since 1978.  
 
Market Interest 
Community: Salinerito   
Is there a local, regional, or overseas market for the product? Yes 
Does the fruit dryer meet the regulations and sanitation standards of 
the country? 
Yes 
Can the fruit dryer handle the capacity required by the buyer? Yes 
**Note: They sell their own products. 
 
Technology Transfer 
Community: Salinerito   
Does the community have a genuine desire for the device? Yes 
Will the device create jobs rather than displace them? Yes 
Will the device’s implementation resist stratification of classes? Yes 
**Note: Although this community tries to defend cultural beliefs and traditions, they are aware 
that a culture who is opened to innovation is a culture that can strive rather than die out.    
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Communications and Infrastructure 
Community: Salinerito   
Are there roads suitable for transporting the device and products? Yes 
Can the fruit, dryer, and products be reliably transported (auto, 
mule, by hand, by water, etc., depending on the distance)? 
Yes 
Are there at least one alternate routes to transport the dryer and 
products in case of roadwork or other issues that may arise? 
Yes 
Does this country have less than 3 hour outages per day? Yes 
Can the community get in contact with partners/buyers? Yes 
**Note: Electricity in Ecuador has been upgraded to a smart energy meter system, and roads are 
reliable and accessible to all of Salinas.  
 
Inspired by Brown, Lipsky, Vertoni, & Ziegler, 2015. 
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Appendix C: Contact Webs 
Below are two contact webs representing who we reached out to, where we received our 
contacts from, and their response rates as represented by color. A red bubble indicates a response 
rate of 0-24%, a yellow bubble indicates a response rate of 25-74%, and a green bubble 
represents a response rate of 75-100%. 
 
Figure 3: Contacts stemming from WPI. 
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Figure 4: Contacts stemming from research. 
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Appendix D: Tables for Financial Calculations 
These costs are an approximation for the assembly done at NTB, in Buchs Switzerland. 
Costs for materials in Ecuador may fluctuate, but self-assembly of the dryer halves the cost of 
having it pre-assembled and shipped. 
  
Table 1: Material costs 
Material  CHF (Swiss francs)  USD (1:1.05) 
Refrigeration circuit  2,600 2,730 
Electrical box with controls  1,000 1,050 
Wooden box  1,000 1,050 
Heat pump  2,000-3,000 2,057-3,085  
 
These shipping costs were obtained from the Swiss Post prices for international economy 
packages. The weight, dimensions, and zone (shipping location) were used to determine an 
approximation of the shipping cost.   
 
Table 2: Shipping costs 
Material(s) Weight  (kg)  Dimensions (m) CHF (Swiss 
francs)  
USD (1:1.05)  
Refrigeration 
circuit with 
electrical box   
60-70 (assembled 
with compressor 
and heat 
exchanger)  
1 x 1 x 0.5  400-1,000 411-1,027 
Heat exchanger   25 1 x 0.4 x 0.3  200-250 206-257 
Compressor 30 0.45 with 0.3 
diameter  
200-300 206-309 
Wooden box  200 - - - 
All materials 
including 
packaging except 
wooden box  
80-90  
 
(**packaging is 
10- 20) 
1 x 0.6 x 0.5 500-1000 514-1,027 
*Wooden box should not be part of shipping, because the customer should be assembling it using the user manual. 
 
 
Dimension:  
All the parts (except wooden box) can fit in a box of approximately 1m x 0.6m x 0.5m  
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Energy consumption for drying:  
0.4 kWh/ I (Energy consumed per amount of water extracted)  
2 kWh/kg Energy consumed per amount of dried fruit 
 
Grid connection:  
The average power consumption of the dryer is 2-2.5 kW, but it needs significantly higher current at 
startup.  
 
10 amps normally, but start up requires 50 amps for a few milliseconds  
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Appendix E: Cost Matrix 
Below is a cost matrix, a useful tool when wanting to calculate how much time it will 
take to “break even” from the investment of the dryer. The matrix utilizes a number of formulas 
working off of the data input into the sheet, including number of workers, salary, price of gross 
product and finished product, and whether outside funding was received or not, among other 
criteria. The example projection in Figure 5 makes the following assumptions: 
1. The price of mangoes in Ecuador is USD 0.12 each, and there are 6 mangoes in a 4 kg 
crate 
2. The capacity of the machine is 500 kg fresh fruit, and produces 50 kg dried fruit 
3. 30% of the gross mango product is lost to peeling or quality issues 
4. It takes 2 kWh of electricity for each kg dried fruit produced 
5. The price of electricity is USD 0.107 per kWh 
6. The price of packaging is USD 0.20 per custom printed biodegradable bag 
7. The size and retail pricing of the fruit is the same as Inca’s Treasure 
8. Retail is accounted for by a 40% markup and a 20% wholesale markup to create the unit 
price of each bag sold for to a distributor 
9. Each employee makes USD 500 per month, 14 months per year (Ecuadorians are 
required two bonuses per year) 
 
 
Figure 5: Cost matrix. 
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Appendix F: Ecuador Background 
The following research on Ecuador helped us in assessing the feasibility of the country 
and gave us a better understanding of what would be required should the dryer be introduced into 
a community there. 
 
Social and Cultural Factors in Ecuador 
In Ecuador, regional differences determine the unique set of social factors that impact 
daily life. Nearly three fourths of the people are Roman Catholic, although spiritual beliefs can 
range between the indigenous groups (Central Intelligence Agency, 2017). Religious freedom is 
guaranteed by the government and religion is not taught in school (PriceWaterhouseCooper, 
2006). The schooling system is effective with 91.6% of the population being literate, the other 
8.4% are likely to be the indigenous people who live in very rural areas (UNICEF, 2013).  
People of Ecuador value trust and family strongly. Relationships must be formed over 
time and approval from family is significant. When making business decisions, Ecuadorians tend 
to prioritize business relationships over sheer capital gain. In Ecuador it is important that each 
person know his or her role. 
Machismo is a cultural practice still observed in Ecuadorian culture. This describes the 
ingrained determination of traditional roles for men and women. From an early age, Ecuadorians 
are taught what is expected of them. Men must support the family by working, and women must 
take care of the home and children (Commisceo Global, 2017). Women get married very early. 
As of 2012, 3.8% of children are married before 15 and 22.2% before they are 18 (UNICEF, 
2013). 
The Ecuadorean people are stratified into three main classes, the westernized upper class, 
the value-centered middle class, and the bargaining and land-owning poor. There is a 
disproportionate amount of poverty in Ecuador (PriceWaterhouseCooper, 2006). 
 
History of Government and Economy 
The stability of Ecuador is constantly changing based on many political and economic 
factors. In the 1970s, large deposits of oil were found in the Amazon region. The once largely 
dependent agrarian economy of Ecuador evolved to be largely dependent on petroleum 
production and exports. After initial introduction of the petroleum market, Ecuador suffered from 
economic slowdown and an earthquake that destroyed their main pipeline in 1987 (Halberstadt, 
2016). 
Over the next few years, Ecuador continued to experience political and economic 
instability. There were several border conflicts with Peru and Colombia (BBC, 2017) In addition, 
many presidents were unable to complete their terms due to embezzlement in 1997, a coup in 
2000 and unpopular protests in 2005 (Seelke, 2008). In 2007, Rafael Correa was inaugurated as 
the country’s eighth president in ten years. 
In 2002, the country gained some macroeconomic stability with the adoption of the 
dollar. From 2002 to 2006, Ecuador’s economy increased an average of 4.3% per year. Ecuador 
fell into recession in 2015 because government revenue was being affected by the decreasing oil 
price (Central Intelligence Agency, 2017). However, in 2016, Ecuador noted $1.6 billion in trade 
surplus and this number is predicted to remain in 2017 due to weak imports. (Coface, 2017) 
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Current Government and Economy Status 
Ecuador’s political system is a representative democracy in which the government is 
subdivided into three branches: Executive, legislative, and judicial (Halberstadt, 2016). The 
current head of the Republic of Ecuador is President Lenín Moreno. He was inaugurated in May 
2017 and he is following the previous policies of Rafael Correa, his predecessor. He promised 
credit for rural workers and an increased government financial accountability (BBC, 2017) 
Based on a 2017 index of economic freedom, Ecuador has been ranked as 49.3 out of 
100, in which 100 represents the greatest freedom from economic/government intervention 
(Heritage Foundation, 2017). This number is reflective from the last two decades of progress 
towards the positive impact of liberty and free markets measurement. Considerations into this 
number include, rule of law, government size, regulatory efficiency, and open markets. 
Ecuador has suffered from economic and political instability over the last ten years and 
these effects alongside property rights and government integrity being very weak continue to 
support a corrupt environment with impunity and cronyism (Heritage Foundation, 2017). 
 
Geography 
Ecuador is located on the west coast of South America and straddles the equator. 
Including the Galapagos Islands, Ecuador has a total land area of 281,341 km2 (108,200 square 
miles) (World Population Review, 2016). It is the sixth smallest country in South America and it 
borders Colombia and Peru. Colombia is located to the north, Peru to the east and south, and the 
Pacific Ocean to the west of Ecuador. 
         The Costa, Sierra, and Oriente makeup the three continental regions of Ecuador, while 
the Galapagos Islands create the insular region. The Costa, or “the coast,” can be found between 
the Pacific Ocean and the Andes Mountains. It consists of many coastal lowlands, mountains, 
and river valleys that are separated by rolling hills. These lowlands do not exceed an elevation of 
200 meters (656.2 feet) and these mountains do not extend beyond an elevation of 1,000 meters 
(3280.8 feet). The Costa contains Ecuador’s most fertile land used for producing coffee, bananas, 
rice, fruits, sugarcane, and cocoa beans.  
The Sierra, or “the highlands,” is located in central Ecuador and spans two major chains 
of the Andes mountain, the Cordillera Occidental and the Cordillera Oriental. These highland 
provinces encompass Ecuador’s snow-capped peaks and nearly all of its volcanoes.Its fertile 
valleys have been used to produce corn, vegetables, flowers, barley, wheat, and citrus fruits. East 
of the Cordillera Oriental is the Oriente, or “the east.” The Oriente occupies half of Ecuador’s 
territory and is composed mainly of the Amazon rainforest. Part of this land is used for 
petroleum production, oil reserves, national parks, cattle raising, and plantations of tea and sugar 
cane.  
The Galapagos Islands, which consists of 13 volcanic islands, can be found 1,000 
kilometers (621.4 miles) west of the coast of Ecuador. These islands each contain unique flora 
and fauna, which is the reason why they have been set aside as protected wildlife parks  (Federal 
Research Division of the Library of Congress, 1988).  
 
Climate 
          Winter and summer are the two main seasons in Ecuador. Winter is considered the rainy 
season and lasts from October until April. Summer occurs the rest of the year and is known as 
the dry season with occasional rain showers. The warmest months are from February to April.  
Since Ecuador lies on the equator, there is no significant temperature change during the two 
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seasons. The distinct regions that makeup Ecuador allow for varying climates (Federal Research 
Division of the Library of Congress, 1988). 
In the Costa the climate is influenced by ocean currents from the Pacific Ocean. The 
summer months are characterized by humid temperatures averaging between 26 and 37 degrees 
Celsius (80-90 degrees Fahrenheit). In the winter the temperatures remain around the same, but 
there are torrential downpours. In the Sierra, the climate is contingent on the area’s altitude. The 
temperature is much cooler in the Sierra than any other part of Ecuador. During the day the 
average temperature is around 24 degrees Celsius (75 degrees Fahrenheit) and at night it is 
around 10 degrees Celsius (50 degrees Fahrenheit). In the Oriente, the temperature, like that of 
the Costa, is hot and humid with constant rainfalls during the year. August, December, January, 
February, and March are the driest months. The climate of the Galapagos Islands consists mainly 
of low rainfall and pleasant temperatures. Temperatures range between 18 to 32 degrees Celsius 
(66 and 90 degrees Fahrenheit) year-round (Federal Research Division of the Library of 
Congress, 1988).  
 
Population 
         According to the last census of Ecuador’s population in 2010 there were 14,483,499 
people living in the country, but it is believed that this number has increased to 16.2 million in 
2015 and 16.7 million in 2017. The country’s current population growth is estimated to be 1.47 
percent and the population density is approximately 67 people per km2 , or 173 people per mi2. 
The majority of the population are situated in the central provinces, amongst the Andes 
mountains, and by the Pacific Ocean. Located east of the mountains are tropical forests, where 
approximately three percent of the population resides (World Population Review, 2016).   
   
Language 
         There are 25 native languages spoken in Ecuador, including Spanish, which is the 
country’s official language. However, about half of these languages are in danger of becoming 
extinct. Quechua, the language of the Incas, is one of the native languages and it is spoken by the 
indigenous people. English is commonly used amongst the tourist sector and in international 
business affairs (Ethnologue, n.d.).  
 
Fruit: Locations and Exports 
Ecuador’s abundance of exotic fruits, as well as its level of trade with other countries, 
made it a key location to consider for the heat pump fruit dryer. The annual production of various 
fruits, coupled with its high status as a leader in exports of fruits, heightens the potential for 
successful implementation of the dryer. 
Because of the different geographical areas and climates throughout the country, the 
fruits produced greatly vary by area. The provinces of Morono Santiago, Pichincha, and Los 
Ríos are the lead producers of dragon fruit, whereas mangoes are most commonly produced in 
Guayas, Los Ríos, and El Oro. Passion fruit, the third most common exotic fruits in Ecuador, 
grows in Manabí, Guayas, Esmeraldas, and Santo Domingo. The 2016 production of exotic fruits 
for dragon fruit, mango, and passion fruit was 2,000 tons, 10,050 tons, and 257,873 tons, 
respectively (Pro Ecuador 2016). Fruits other than bananas are grown over about 163,000 
hectares of land by about 120,000 farmers in the three regions of Ecuador. In the Coastal region, 
fruit is primarily grown for exportation, whereas fruit in the Highlands is grown for the local 
market. Most fruits in the Amazon are grown for subsistence.  
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There has reportedly been low productivity  of fruit cultivation because of limited 
technology, lack of organization and management, and almost no use of germplasm, which 
would prevent spoilage. A disease known as Colletotrichum acutatum is responsible for about 
70% of tree tomato losses in Ecuador (Viera, Ricardo, Yadira, Aníbal, Hugo et al., 2015). 
The United States is a key export partner for Ecuador. 39.5% of Ecuador’s exports were 
to the United States in 2015, totaling $7.5 billion (CIA, 2015). 88.31% of all mangoes exported 
in 2016 were sent to the United States, contributing to their over $640 million import value of 
fruits and vegetables, led by bananas and plantains (Office of the United States Trade 
Representative, 2016). Ecuador has shown an Annual Average Growth Rate of 15% for exports 
of fruits to other countries between 2011 and 2015, led by bananas and plantains, and followed 
by mangoes, dragon fruits, and passion fruits. Ecuador is ranked eleventh in the world for 
exporting mangoes, while many Asian countries hold the lead for exporting other exotic fruits 
(Pro Ecuador, 2016). 
Bananas are Ecuador’s second largest export, falling only behind crude petroleum. In 
addition to being the lead exporter of bananas to the United States, Ecuador also supplies 
bananas to countries around the world, accounting for $3.27 billion’s worth of its $19.5 billion 
exports value total in 2015 (The Observatory of Economic Complexity, 2015). Other tropical 
fruits, such as mangoes, passion fruit, and dragon fruit, were exported at a rate of 49,275 tons, 
723 tons, and 344 tons, respectively, in 2015 (Pro Ecuador, 2016). 
Company size, trade organizations, and fruit quality all play a role in the success of the 
fruit export sector. Almost all successful export companies fall into a “medium size” range, 
except for some “small” and “large” mango producers. Trade organizations are defined as the 
companies that link companies and producers of exotic fruits within Ecuador. Some notable trade 
organizations include Fundación Mango, Asociación de Productores y Comercializadores de 
Pitahaya del Ecuador - ASOPITAHAYA, and Asociación de Productores de Cape gooseberry 
Pataín (Pro Ecuador, 2016). Most of the companies are certified by Global Gap, a quality 
assurance organization that sets certification standards for agricultural products (“Global 
G.A.P.,” 2017).  
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Appendix G: Contact List 
Included here is a deliverable for our sponsor. This contact list contains those whom we 
have reached out to, as well as those to whom we have not reached out, but who may still be of 
importance moving forward with the implementation process in Ecuador. We have provided 
further information on those contacts to whom we did reach out, including times contacted, times 
responded, response rate, and last date contacted. 
 
Table 3: Contact Information 
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Appendix H: Pathway to Viability 
Included in this appendix is our second deliverable, the Pathway to Viability. This 
pathway is intended for feasible communities interested in the dryer, and acts as a guide from 
implementation through post-implementation monitoring.  
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